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Introduction: 

The  mechanisms  of  signal  transduction  by  growth  factors  represents  an  important  area  of 
investigation  to  understand  fetal  development  and  tissue  differentiation.  Our  studies  are  focused 
on  the  transduction  of  signal  by  transforming  growth  factor-P  (TGF-P)  during  development. 
Molecules  critical  to  the  transduction  of  TGF-P  are  the  from  the  Smad  family.  In  particular 
Smad  2  and  Smad  3  are  activated  following  ligand  binding  to  specific  receptors.  The 
phosphorylation  of  these  two  Smads  results  in  an  up-regulation  of  TGF-P  dependent  events. 
Previous  studies  and  preliminary  data  have  demonstrated  that  transforming  growth  factor-p 
(TGF-P)-mediated  signaling  regulates  prostate  growth  and  morphogenesis.  The  studies  are 
focused  on  the  molecular  mechanism  of  TGF-P  signal  transduction  and  the  role  of  these 
mechanisms  in  morphogenesis. 

Body: 

The  current  research  has  continued  to  focus  on  studies  in  Specific  Aim  2  examining  the 
relationship  of  TGF-P  signaling  and  Smad  2  and  Smad  3  transduction  of  that  signal.  These 
studies  have  been  greatly  facilitated  by  the  introduction  of  transgenic  mice  that  have  over¬ 
expression  of  Smad  2,  and  deletion  of  the  TGF-P  Type  II  receptor.  The  Smad  2  over  expression 
transgenic  mice  have  been  mated  to  TGF-P3  null  mutant  mice  to  examine  the  rescue  of  the  null 
mutant  phenotype  by  forced  over  expression  of  the  intracellular  mediator.  The  requirement  for 
phosphorylation  in  the  Smad  2  over  expression  has  also  been  examined  to  determine  the 
requirement  for  this  post-translational  modification  to  activate  the  signaling  pathway.  The 
studies  have  remained  focused  on  fundamental  biomedical  research  aimed  at  examinations  of  the 
mechanisms  of  signal  transduction. 

TGF-P  binding  to  the  specific  cell  surface  receptors  results  in  activation  of  their  kinase 
activity.  The  receptor  kinases  specifically  phosphorylate  the  Smad  2  and  Smad  3  molecules  and 
the  phosphorylation  is  absolutely  required  to  activate  the  signaling  pathway.  In  the  previous 
report  we  provided  evidence  that  the  TGF-P3  null  mutant  mouse  did  not  activate  the  receptor 
kinases  and  the  absence  of  phosphorylated  Smad  2  specifically  indicated  that  the  intracellular 
signaling  pathway  was  not  activated.  There  remains  the  potential  that  alternative  mechanisms 
could  exist  and  be  inhibited  in  the  null  mutant  mice  so  that  a  molecular  rescue  approach  was 
developed  using  animals  transgenic  for  over  expression  of  Smad  2.  Since  Smad  2  is  down 
stream  from  TGF-P  binding  to  the  receptors,  over  expression  may  rescue  the  null  mutation  and 
phosphorylation  of  the  Smad  2  may  also  be  required  for  the  rescue.  This  type  of  molecular 
rescue  approach  provides  a  unique  opportunity  to  examine  specific  linkage  between  molecules  in 
a  signal  transduction  pathway.  This  approach  was  indicated  as  a  plan  for  the  present  year  in  last 
year’s  progress  report  and  the  progress  on  this  line  of  investigation  follows. 

The  results  have  provided  clear  evidence  that  over  expression  of  Smad  2  is  capable  of 
reseuing  the  TGF-P3  null  mutation.  Western  blot  analysis  of  the  proteins  produeed  provide  clear 
evidence  of  the  over  expression  of  Smad  2.  Analysis  of  the  Western  blots  with  antibodies 
specifie  for  phosphorylated  Smad  2  indicate  that  some  of  the  Smad  2  is  phosphorylated.  In 
quantitative  analyses  only  a  minimal  amount  of  the  over  expressed  Smad  2  is  actually 
phosphorylated  while  the  majority  of  the  Smad  2  remains  non-phosphorylated.  The  amount  of 
phosphorylated  Smad  2  approaches  the  quantities  observed  in  animals  without  the  null  mutation. 
The  amounts  of  total  Smad  2  expressed  and  the  amounts  of  phosphorylated  Smad  2  were 
correlated  with  the  rescue  of  the  TGF-P 3  null  mutation.  The  rescue  was  directly  correlated  with 
both  the  total  quantity  of  Smad  2  present  and  the  amount  of  Smad  2  that  was  phosphorylated. 


There  are  several  very  important  outcomes  that  occur  through  this  research.  The  rescue  of  the 
null  phenotype  by  Smad  2  over  expression  establishes  an  epistatic  relationship  in  the  signal 
transduction  and  demonstrates  that  the  absence  of  TGF-p  can  be  compensated  by  the 
intracellular  messenger  molecules.  This  means  that  approaches  can  be  developed  to  circumvent 
the  requirement  for  growth  factor  ligand  binding  to  the  receptor  to  initiate  the  signaling  pathway. 
A  second  key  observation  is  that  Smad  2  phosphorylation  is  occurring  in  the  absence  of  TGF-PS 
which  means  that  either  different  growth  factors  are  activating  the  kinase  activity  or  that  the 
Smad  2  molecule  is  phosphorylated  by  a  different  mechanism.  Both  of  these  are  important 
possibilities  since  there  would  exist  the  opportunity  to  initiate  the  signaling  with  the  alternative 
growth  factor  or  the  alternative  phosphorylation  pathway.  These  findings  are  novel  in  they 
represent  the  first  approach  to  rescue  the  TGF-p3  null  mutation  and  that  Smad  2  over  expression 
is  a  specific  mechanism  required  for  the  molecular  rescue.  Since  TGF-P  signaling  is  a  short 
range  mechanism  the  molecular  rescue  indicates  that  the  potential  exists  to  circumvent  a  specific 
deficiency  by  induction  of  downstream  elements  of  the  signaling  pathway.  Examination  of  the 
regionally  specific  pathways  for  gene  expression  can  be  correlated  with  the  intracellular 
signaling  mechanisms  to  evaluate  spatially  restricted  events  during  glandular  morphogenesis. 

We  are  building  on  these  findings  by  examining  the  mechanism  for  Smad  2 
phosphorylation  and  whether  this  is  linked  to  activated  of  the  TGF-P  receptor  kinases.  This 
approach  is  facilitated  by  the  use  of  a  TGF-P  Type  11  receptor  conditional  knockout.  The 
approach  is  to  specifically  remove  the  TGF-pRH  from  specific  cells  at  precise  stages  of 
development  through  a  cre-lox  approach.  Cells  deficient  in  TGF-pRII  are  incapable  of 
activating  the  TGF-p  dependent  kinase.  If  Smad  2  can  be  phosphoryated  in  these  cells  then  there 
is  definite  evidence  that  an  alternative  pathway  exists  to  activate  this  intracellular  specific 
signaling  mechanisms.  If  Smad  2  is  not  phosphorylated  in  these  cells  then  there  is  definite 
evidence  for  the  substitution  of  other  growth  factors  binding  to  these  receptors  and  activating  the 
Smad  2.  Both  outcomes  will  provide  important  new  information  on  the  basic  processes 
regulating  this  intracellular  signal  transduction  pathway. 

Future  studies  will  continue  to  examine  the  role  of  Smad  2  expresssion  and  Smad  2  post¬ 
translation  modification  as  important  events  in  the  regulation  of  TGF-P  signaling  during 
development.  The  on-going  studies  have  been  specifically  focused  on  basic  mechanisms  of 
growth  factor  binding  and  subsequent  transduction  of  the  signal  in  the  cell.  Analysis  of  these 
basic  mechanisms  has  identified  the  potential  to  circumvent  a  growth  factor  deficiency  by 
rescuing  a  null  mutation.  In  the  future  these  types  of  studies  will  provide  targets  for  potential 
therapeutic  strategies  to  either  augment  or  inhibit  growth  factor  signaling  associated  with 
pathologic  processes. 


Key  Research  Accomplishment: 

•  Smad  2  over  expression  rescues  the  effects  of  the  TGF-PS  null  mutation 

•  Over  expressed  Smad  2  is  phosphorylated  in  the  cell  and  thus  is  potentially  activated  in  the 
downstream  signaling  pathway, 

•  Smad  2  over  expression  rescue  is  correlated  with  both  the  total  amount  of  Smad  2  present 
and  the  minority  amount  of  Smad  2  that  is  phosphorylated. 

•  Rescue  of  the  null  mutation  with  down  stream  effector  molecules  represents  a  potential  target 
for  developing  therapeutic  interventions. 


Reportable  Outcomes: 

Manuscripts  are  in  preparation  to  present  the  effects  on  Smad2  phosphorylation  of  the 
TGF-pS  null  mutant.  The  current  studies  will  be  publishable  in  three  areas;  1)  TGF-P  ligand 
specific  activation  of  subsets  of  pathway  restricted  Smads  through  differential  activation  of 
receptor  kinase  activity;  2)  Kinase  activity  of  the  TpiR-XpiIR  complex  following  binding  of 
different  members  of  the  TGF-P  family;  3)  Genetic  rescue  of  TGF-P  null  mutations  using 
specific  overexpression  of  pathway  restricted  Smads  and  the  relationship  to  the  downstream 
activation  of  TGF-P  regulated  gene  expression;  4)  Identification  of  the  mechanism  for  activation 
of  Smad  2  in  the  null  mutation  background.  All  of  these  studies  are  focused  on  the  basic 
biomedical  principles  of  fundamental  growth  factor  signaling  pathways.  Dissection  of  the 
different  elements  of  the  pathways  are  required  to  initiate  strategies  focused  on  specific 
molecular  mechanisms  that  will  generate  targeted  therapies.  These  findings  will  have  important 
implications  for  the  basic  understanding  of  prostate  growth  and  development. 

Conclusion: 

These  studies  are  focused  on  the  specific  signal  transduction  mechanism  related  to  TGF-p 
binding  to  specific  receptors,  subsequent  activation  of  kinase  activity  and  activation  of 
downstream  mediators  through  phosphorylation.  The  identification  of  molecular  rescue  in  the 
face  of  growth  factor  deficiency  is  an  important  outcome  that  indicates  that  downstream  effectors 
can  be  targets  for  intervention  strategies.  Further  investigation  of  the  mechanisms  responsible 
for  activation  of  the  Smad  2  molecules  will  provide  additional  insight  into  the  regulation  of  this 
critical  developmental  pathway.  The  use  of  novel  transgenic  mice  provides  approaches  that  are 
focused  on  specific  elements  of  the  signaling  pathway.  Further  investigation  of  the  fundamental 
mechanisms  will  provide  improved  characterization  of  control  of  the  critical  developmental 
events. 
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